In the 70s, pancreatic islet transplantation arose as an attractive alternative to restore normoglycemia; however, the scarcity of donors and difficulties with allotransplants, even under immunosuppressive treatment, greatly hampered the use of this alternative. Several materials and devices have been developed to circumvent the problem of islet rejection by the recipient, but, so far, none has proved to be totally effective. A major barrier to transpose is the highly organized islet architecture and its physical and chemical setting in the pancreatic parenchyma. In order to tackle this problem, we assembled a multidisciplinary team that has been working towards setting up the Human Pancreatic Islets Unit at the Chemistry Institute of the University of São Paulo, to collect and process pancreas from human donors, upon consent, in order to produce purified, viable and functional islets to be used in transplants. Collaboration with the private enterprise has allowed access to the latest developed biomaterials for islet encapsulation and immunoisolation. Reasoning that the natural islet microenvironment should be mimicked for optimum viability and function, we set out to isolate extracellular matrix components from human pancreas, not only for analytical purposes, but also to be used as supplementary components of encapsulating materials. A protocol was designed to routinely culture different pancreatic tissues (islets, parenchyma and ducts) in the presence of several pancreatic extracellular matrix components and peptide growth factors to enrich the beta cell population in vitro before transplantation into patients. In addition to representing a therapeutic promise, this initiative is an example of productive partnership between the medical and scientific sectors of the university and private enterprises.
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Whole organ pancreas transplant, which involves a major and risky surgery, restores normal glucose control of insulin secretion, but is restricted to patients with pancreatitis, renal failure or very labile diabetes, who will then require strong immunosuppression. The advent of insulin therapy in the 20s rescued diabetic patients from a life-threatening situation. However, in order to prevent numerous complications (vascular, renal and ocular failure) arising from this disease, a rigorous schedule of insulin administration is required, affecting the rate of patient compliance with treatment and causing occasional and dangerous episodes of hypoglycemia. Only whole pancreas and islet transplantation are capable of permanently reversing the hyperglycemic state and preventing or delaying at least some of the secondary complications of the disease (1-3). Upon re-vascularization, the transplanted whole pancreas is immediately capable of secreting insulin (4). However, whole pancreas transplantation constitutes a delicate surgical procedure requiring intense and continuous immunosuppressive therapy, that should be used exclusively in patients requiring simultaneous transplant of other organs like kidney, liver, etc. or in some patients with unmanageable diabetes (4) (5) (6) .
Islet transplantation has the potential to become a widely applicable treatment for insulin-dependent diabetes. The main advantage of this procedure over whole organ transplantation is the fact that islets may be implanted in a relatively small volume into the portal vein, a much easier procedure which eliminates operative risks and postoperative morbidity (7, 8) . Shapiro et al. (8) were recently responsible for a major breakthrough in this field, introducing the socalled Edmonton Protocol, a procedure for pancreatic islet transplantation applied to seven diabetic patients who showed sustained insulin independence for over a year after transplantation. The success of this procedure was based on a glucocorticoid-free immunosuppressive therapy, thus eliminating the use of diabetogenic drugs, and also on the use of a high number of transplanted islets per patient.
One of the main obstacles to successful islet transplantation for both type 1 and 2 diabetes and to reproduce the Edmonton Protocol is the limitation of insulin-producing tissue (9) . Only about 3,000 cadaver pancreases become available in the US each year, while about 35,000 new cases of type 1 diabetes are diagnosed each year (10) .
The islets of Langerhans comprising the endocrine pancreas represent only 1 to 2% of the total pancreas mass and are dispersed throughout the exocrine pancreas. In order to obtain purified islet preparations (see Figure 1) , the organ is subjected to special procedures of digestion with collagenase and purification in density gradients. However, the total number of islets obtained from a human pancreas is lower than the total islet content due to several variables that affect the final yield in human islet isolation procedures. In addition to the intrinsic variability of islet number within the native pancreata, several variables related to donor characteristics and to the islet isolation procedure may further affect the islet yield. Donor variables include age, gender, body mass index, diet, trauma, hypoxia or ischemic conditions (11) . Pancreatic architecture, composition of Clostridium histolyticum collagenase preparations, endotoxicity, digestion time and cold ischemic time are some of the variables related to the islet purification procedure (12) .
All of these variables are responsible for the lack of an adequate islet supply, leading to concentrated efforts to stimulate the growth of new pancreatic islet tissue in vitro (9) . Alternatives to the stimulation of active proliferation and functional islets in vitro are based on cell culture strategies, namely the use of extracellular matrix (ECM) elements as substrates to culture isolated islets and ductal or stem cells.
The proliferative potential of stem and
Tissue engineering for diabetes treatment ductal cells is due to the characteristics of pancreas ontogeny, since apparently islet development is initiated from stem cells that are associated with the pancreatic ductal epithelium, which differentiates into the various islet-associated endocrine cell populations (13) (14) (15) . Thus, it is generally accepted that all endocrine cell types of pancreatic islets (glucagon-producing a cells, insulinproducing ß cells, somatostatin-producing d cells and pancreatic polypeptide-producing PP cells) arise from the same ductal epithelial stem cell through sequential differentiation (16, 17) . Pancreatic islets are organized into spheroid structures in which ß cells form a core surrounded by a mantle of a cells, interdigitating d cells and PP cells (16, (18) (19) (20) . Immature spheroid islet-like structures bud from the ductal epithelium and migrate short distances into the surrounding acinar tissue, where angiogenesis occurs, allowing direct arteriolar blood flow into mature islets (18) . The final stage of phenotypic expression and cellular differentiation may, in fact, be controlled by the proximity of cells to a local stimulus originating in the pancreas itself (21,22). In this regard, the role of cell-cell and cell-ECM interactions in pancreatic ß cell development and differentiation appears to be of particular importance (23-26). Possible mechanisms of action include secretion of a proliferation/differentiation-inducing factor, information exchange through cell-cell contact, and production of ECM containing a critical trophic factor.
To a greater or lesser extent, all types of cellular transplants involve disruption of cellular connections (cytoskeleton) to the ECM (27). Tissue culture techniques have already demonstrated that these disruptions may compromise cell viability and function (28). It is still controversial whether a high degree of islet purification is really necessary or advantageous. A certain degree of acinar and ductal contamination could be desirable if one considers the potential for ß cell neogenesis from ductal cell (11, 13) .
Maintenance of the ECM seems to be a highly critical factor; however, enzymatic digestion is poorly controlled during islet isolation and therefore not only is the interstitial matrix destroyed, but the peri-insular basement membrane may be readily digested Figure 1 . Human pancreatic islets (arrow) during the purification procedure, stained with dithizone, which specifically binds to zinc present in ß cell insulin granules. Bar: 100 µm.
as well (29). The ECM is the most important component of the islet microenvironment. It is a dynamic complex of different molecules that functions as a cellular scaffold, which also regulates both cell differentiation and survival. ECM is found in two forms, namely, interstitial matrix and basement membrane. The pancreatic islet basement membrane is composed of collagen IV, laminin and fibronectin (12) . Disruption of islet cell-matrix interactions (30-32) and loss of the basement membrane lead to induction of apoptosis (33,34). According to Thomas et al. (28), islets embedded in the ECM during the isolation procedure display a low apoptotic rate in culture when compared to highly purified islet preparations.
In virtually all types of cellular transplants, isolation of cells or tissues (islets, hepatocytes, nervous tissue, etc.) involves some degree of disruption of cell-ECM connections, which are maintained, primarily, by integrins. Incomplete islet digestion, leaving an outer ring of ECM and, hopefully, preventing the induction of transmembrane integrin signaling, is another strategy that may prevent apoptosis (35) .
The importance of the ECM substrate to induce differentiation was reported by several laboratories. Thivolet et al. (36) suggested that ECM markedly enhances islet cell attachment and proliferation, as well as long-term maintenance in culture. Perfetti et al. (37) suggested the trophic effect of Matrigel on maintenance of normal ß cell activity and function. Rat ß cell islets cultured for 6 weeks on Matrigel showed an equal number of insulin-secreting cells and increased levels of insulin mRNA compared to freshly isolated islets cultured for only 3 days in the absence of Matrigel. Hayek et al. (38) pioneered the work showing that human ß cells grown in monolayer culture are able to replicate when exposed to selected matrices and growth factors. Recently, BonnerWeir et al. (10) described the expansion of human ductal tissue in vitro and its subsequent differentiation into islet cells after being overlaid with Matrigel. Over a period of 3-4 weeks there was a significant increase in insulin as well as formation of islet-like structures that were called cultivated human islet buds.
The ability to cultivate human islets in Figure 2 . Biodritin capsules of 400-600 µm in diameter. Magnification 40X.
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vitro from digested pancreatic tissue, which is usually discarded after the islet isolation procedure, opens a new approach for ß cell replacement therapy (10) . Since human islet isolation yields, at best, only 400,000-600,000 islets, more than one donor may be required for a successful transplant (10) . Despite the success of the newly introduced immunosuppressive therapeutic scheme in islet transplantation (8) , the idea of creating a physical barrier between transplanted islet tissue and the host would aim at graft immunoprotection and provide an artificial, three-dimensional architecture which may attenuate the impact of potentially noxious environmental factors on newly transplanted islet cells (27,39).
The major obstacles to successful microencapsulated islet transplantation are related to deficient nutrient diffusion, local fibrosis and the use of inadequate material for the capsules, thus compromising biocompatibility. Islets to be implanted should be homogeneously dispersed inside the capsules in order to maximize oxygen and nutrient diffusion (39) (40) (41) .
Fabrication of microcapsules surrounding individual islets or small islet clusters represents a very delicate procedure. The procedure consists of enveloping the islet cells within homogenous and semi-permeable artificial membranes without affecting tissue morphologic integrity or functional competence, aiming at protecting the graft from rejection in the absence of immunosuppressive therapy (42) . Thus, the membrane should be permeable to insulin and low molecular weight components such as oxygen, glucose, electrolytes and other nutrients and impermeable to lymphocytes and other cellular components of the immune system and also to antibodies, cytokines and other mediators of the immune response (43) (44) (45) .
The microcapsules consist of polymer spheres of 400-800 µm in diameter, made of the polysaccharide alginate. Semi-automatic production is required due to the need for microcapsules of homogeneous shape (42, 43, (46) (47) (48) (49) (50) (51) (52) (53) (54) . Several studies have shown that alginate-microencapsulated islets maintain cell viability and functional activity even in longterm culture (42) . The euglycemic state resumes and rejection is avoided in diabetic animal models subjected to both allo-and xenotransplant (42, (47) (48) (49) (50) (51) (52) (53) (54) . Using microencapsulated porcine islets transplanted into the peritoneal cavity of primates, Sun and colleagues (52) observed the efficacy of longterm diabetes reversal in the absence of immunosuppressive therapy.
This technology has been optimized for human use by attempting to reduce the alginate/polyamino acid capsule size to 350-400 µm in diameter and to reach high selectivity and stable composition in order to allow implant into the spleen and kidney parenchyma (54) .
Recently, Mares-Guia and Ricordi (55) have reported the discovery of Biodritin, a new heteropolysaccharide resulting from conjugation of alginate and chondroitin sulfate, a material that is more biocompatible than other previously described materials. Biodritin has been used to prepare Biodritinpoly-L-lysine microcapsules at the Diabetes Research Institute, University of Miami, Miami, FL, USA, and at the Human Pancreatic Islets Unit of the Chemistry Institute, University of São Paulo, São Paulo, SP, Brazil (Figures 2 and 3) .
Results obtained in experimental alloand xenotransplants (42, (47) (48) (49) (50) (51) (52) (53) (54) , along with the discovery of new materials to compose microcapsules (55) and the possibility of maintaining islet homeostasis with ECM components suggested here, may point to a new era in diabetes therapy. 
